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Cerebral asymmetry is used to describe the differences in electroencephalographic activity
between regions of the brain. The objective of this study was to document frontal, cen-
tral, and parietal asymmetry in psychophysiological (Psy-I) and paradoxical (Para-I) insomnia
sufferers as well as good sleeper (GS) controls, and to compare their patterns of asymme-
try to others already found in anxiety and depression. Additionally, asymmetry variations
between nights were assessed. Participants were 17 Psy-I, 14 Para-I, and 19 GS (mean
age=40years, SD=9.4).They completed three nights of polysomnography (PSG) record-
ings following a clinical evaluation in a sleep laboratory. All sleep cycles of Nights 2 and
3 were retained for power spectral analysis. The absolute activity in frequency bands
(0.00–125.00Hz) was computed at multiple frontal, central, and parietal sites in rapid eye
movement and non-rapid eye movement sleep to provide cerebral asymmetry measures.
Mixed model ANOVAs were computed to assess differences between groups and nights.
Correlations were performed with asymmetry and symptoms of depression and anxiety
from self-reported questionnaires. Over the course of the two nights, Para-I tended to
present hypoactivation of their left frontal region but hyperactivation of their right one com-
pared with GS.As for Psy-I, they presented increased activation of their right parietal region
compared with Para-I. Asymmetry at frontal, central, and parietal region differed between
nights. On a more disrupted night of sleep, Psy-I had increased activity in their right parietal
region while Para-I presented a decrease in cerebral activity in the right central region on
their less disrupted night of sleep. Anxious and depressive symptoms did not correlate
with asymmetry at any region.Therefore, Psy-I and Para-I present unique patterns of cere-
bral asymmetry that do not relate to depression or anxiety, and asymmetry varies between
nights, maybe as a consequence of variability in objective sleep quality from night to night.
Keywords: cerebral asymmetry, psychophysiological insomnia, paradoxical insomnia, power spectral analysis,
cortical activation, sleep
INTRODUCTION
Cerebral asymmetry is used as a means of describing distribution
of electroencephalographic (EEG) activity measured on the scalp.
It is deﬁned as the difference in activation in speciﬁed frequency
bands between two regions of the brain located usually in dif-
ferent hemispheres. This measure is based on the power spectral
analysis (PSA),which establishes the frequency and proportion of
the different rhythms of the EEG, as a way to compare cerebral
activity between two recording sites. As sleep deepens, activation,
neuronal activity, information processing, decrease, and higher
proportionoftheslowerfrequencybandsisfound.Hence,increase
infastfrequencybandssuggestsmoreinformationprocessingand
arousal. Increased activation in a region is the result of increased
high frequency activity and/or decreased lower frequency activ-
ity. Homogeneous distribution of the proportion of the speciﬁc
frequency band (symmetry) is reﬂected through low asymme-
try scores whereas higher scores represent a greater discrepancy
betweenthetwohemispheres(asymmetry).Whiletheﬁrststudies
wereaimedatidentifyingbrainregionsrelatedtocertainemotions
or personality traits (Silberman andWeingartner,1986; Harmon-
JonesandAllen,1998),morerecently,clinicalpopulationsbecame
the main interest in asymmetry studies. The stability over time of
thecerebralasymmetry,itsrapidityofmeasurement(usually1min
of EEG recording), and the unique patterns of asymmetry found
in clinical population accounted for the attention it received.
Mood and anxiety disorders are among pathologies investi-
gatedthemostbywayof cerebralasymmetry.Inpatientssuffering
from depression, remitted from depression, or presenting depres-
sive symptoms,more alpha power was found in the right than left
mid-frontalregion,thereforeadecreasedleftfrontalactivationwas
associated to the disorder (Henriques and Davidson, 1990, 1991;
Gotlibetal.,1998).Thisuniquepatternof activationisconsidered
by many as the marker of a vulnerability to depression. Indeed,
the left frontal deactivation has been found to correlate with Beck
Depression Inventory scores (Beck et al., 1988b; Jacobs and Sny-
der, 1996). At posterior sites, higher activation was measured in
the left parietal region compared with the right one (more alpha
power) in depression sufferers (Henriques and Davidson, 1990).
However, when depression and anxiety disorders coexist, higher
activation is found in the right posterior region (Bruder et al.,
1997; Metzger et al., 2004). These conclusions were all based on
EEG recordings during wake. In sleep, asymmetry in depression
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is increased in rapid eye movement (REM) sleep compared with
non-rapid eye movement (NREM) sleep and shows more beta,
theta, and delta percentages in the right central region than the
left one, again implying a deactivation of the left side (Armitage
et al.,1993).
As psychopathologies are usually diagnosed by the report of
symptoms by the patient, it is sometimes difﬁcult for physicians
and psychologists to deﬁne the problem. The use of techniques
such as asymmetry could provide support for diagnosis purposes
andthechoiceofappropriatetreatment.However,manydiagnoses
have not yet been investigated by means of cerebral asymme-
try. It appears important to examine other psychopathologies in
order to conﬁrm the uniqueness of asymmetry patterns already
associated with some disorders or to relate them to other psy-
chopathologies.Sleepdisordersand,inparticular,chronicprimary
insomnia, are amongst pathologies for which asymmetry has not
yet been described. As a symptom, insomnia is a diagnosis crite-
rionof depression,dysthymia,generalizedanxiety,post-traumatic
stress disorders, and other disorders [American Psychiatric Asso-
ciation (APA), 2000]. As a syndrome, insomnia can also coexist
with depressive or anxious symptoms and other psychopatholo-
gies (Specchio et al., 2004). Considering the high comorbidity
rates between insomnia and other disorders (prevalence rates
ranging from 40 to 88% according to different studies) and that
depressiveandanxioussymptomsaremoreoftenfoundininsom-
nia sufferers than controls (Bonnet and Arand, 1997; Weissman
et al., 1997; Vgontzas and Kales, 1999; Hall et al., 2000; Perlis
et al., 2001a), it is very plausible that insomnia sufferers would
presentsimilaritieswithdepressionandanxietydisordersoncere-
bral asymmetry measures. Since the cerebral asymmetry pattern
associated with insomnia is still unknown, and previous studies
assessing asymmetry in different psychopathologies have not con-
trolled for insomnia, it remains unclear if it might contribute or
relate to cerebral asymmetry found in other pathologies.
Primary insomnia is a mental disorder consisting of a com-
plaint of difﬁculty falling asleep, maintaining sleep, or non-
refreshing sleep causing distress or altering one’s functioning
[Diagnosis of Statistical and Mental Health Disorders-IV-TR
(DSM-IV-TR);APA,2000]thatisnotattributabletoanothermed-
ical or mental disorder nor to substance use, and lasts at least a
month. According to The International Classiﬁcation of Diseases
(ICD-10,WorldHealthOrganization,1992)andtheInternational
Classiﬁcationof SleepDiseases(ICSD)(AmericanSleepDisorders
Association,1990),primaryinsomniashouldlastatleast6months
inordertobequaliﬁedaschronic.TheICD-10(WHO,1992)adds
that sleep difﬁculties must be presented at least three times per
week. ICSD sub-classiﬁes the insomnia diagnosis according to the
originorpresentationof sleepproblemssuchaspsychophysiolog-
icalandparadoxicalsubtypes.Patientssufferingfrompsychophys-
iological insomnia are assumed to be conditioned by sleep related
stimuli of the environment (e.g., bedroom) or bedtime routine,
which are then associated in the patient’s mind with the anxi-
ety, fear, or frustration of having difﬁculties sleeping (Hauri and
Fisher,1986; Espie,2002; Harvey,2002). Consequently,their level
ofarousalisincreased,preventingthemfromagoodnightsleep.As
forparadoxicalinsomnia,itmaybethatacomplaintofinsomniais
formulatedwhenpolysomnography(PSG)recordingscorrespond
to the normative data for the age group, or else, that a signiﬁcant
differenceexistsbetweenPSGdataandtheirsubjectiveestimations
[e.g.,sleep length,sleep-onset latency (SOL),sleep efﬁciency (SE);
Edinger et al., 2004].
Insomnia has been explained and described by several mod-
els positing either cognitive arousal (Harvey, 2002), inhibition
of deactivation processes (Espie, 2002), or cortical arousal (Perlis
et al.,1997). Indeed,physiological,cognitive,and emotional mea-
sures have supported the hyperarousal models during wake and
sleep (Monroe, 1967; Freedman and Slattler, 1982; Freedman,
1986; Morin et al., 1993; Bonnet and Arand, 1995; Mitchell, 1997;
Harvey, 2000; Wicklow and Espie, 2000). Some authors have also
reported that hyperarousal is reﬂected in the macrostructure of
sleep (Frankel et al., 1976; Gaillard, 1976; Merica et al., 1998).
As for the microstructure of sleep of insomnia sufferers, a higher
proportion of faster frequency waves (usually beta) in the EEG
spectrumisobserved(Perlisetal.,1997).Inaddition,somereports
suggest that psychophysiological and paradoxical insomnia sub-
types present differences in cortical activation. For example, in
NREM sleep,Para-I present higher absolute spectral amplitude of
the 12.5- to 30-Hz waves compared with Psy-I and good sleeper
(GS) controls (Krystal et al.,2002).
Since previous PSA studies most often documented cortical
activity only at the C3 site, the repartition of higher activation in
insomnia is poorly documented. In that regards, we have shown
that differences between GS and insomnia subtypes do not reside
only at central sites (St-Jean and Bastien, 2007; St-Jean et al., in
preparation). Mostly in NREM,more absolute delta activity at F3,
C3,andP3wasobservedinPara-IcomparedwithPsy-Isuggesting
a deactivation of the left hemisphere in Para-I and/or hyperacti-
vation in Psy-I. At P3 especially, Para-I had a peculiar pattern of
activation:inadditiontohigheractivityinthedeltaband,theyalso
presentedmoregammaactivitythanGSandPsy-I,thereforecom-
bininghigheractivityinslowerandfasterfrequencybands.More-
over,our group found between nights variability in absolute pow-
ers in faster frequency bands (beta to omega): the high frequency
activity at F3,F4,and C4 speciﬁcally revealed to be less stable over
the two nights of recording (St-Jean and Bastien, 2007). Observ-
ingdifferencesbetweengroupsandnightsatpreciseelectrodesites
suggestsanunevendistributionof EEGactivityinmanyfrequency
bands across hemispheres and regions. By targeting regions where
cortical arousal associated with insomnia is usually present, and
by using cerebral asymmetry (thus measuring differential cortical
activity between sites), we should be able to improve our under-
standing of hyperarousal in insomnia. In addition, documenting
asymmetryininsomniamightshedsomelightontherelativecon-
tribution of this disorder to other pathologies for which insomnia
is a symptom (such as anxiety and depression). Moreover,consid-
ering that sleep difﬁculties in insomnia may vary from night to
night (Vallières et al., 2005, 2011) and that our group found ﬂuc-
tuationsinPSAacrossnightsaswell,itappearsimportanttoassess
the variability of cerebral asymmetry in insomnia over nights.
The aim of this study is to evaluate cerebral asymmetry in
order to describe the relative regional cerebral activation and
locate activation speciﬁcities in psychophysiological and paradox-
ical subtypes of chronic insomnia compared with a sample of
GS controls. It is hypothesized that (a) both groups of insomnia
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suffererswillpresentgreaterasymmetryinfrontalandparietalsites
compared with GS and that Para-I will present greater asymme-
try than Psy-I as predicted by the level of depressive and anxious
symptoms usually found in those population; (b) the measured
asymmetry will correlate with the level of depressive and anxious
symptoms determined by BDI and Beck Anxiety Inventory (BAI)
scores; (c) and that asymmetry scores will be stable from night
to night as they relate to a condition (diagnosis and frequently
associated symptoms).
MATERIALS AND METHODS
PARTICIPANTS
Volunteers from 25 to 55years of age were recruited through local
newspaperadvertisements.Onthebasisofthethreegroupcriteria,
26Psy-I(14females,12males),20Para-I(14females,6males),and
21 GS (12 females,9 males) participated in this study. Participants
had a mean age of 40.21 (9.38)years.
Control group
Good sleeper must have shown, on the 2-week sleep diary (SD)
completed before laboratory nights, less than three nights with
sleep difﬁculties (i.e., SOL or awakenings of more than 30min or
a total sleep time “TST” of less than 6.5h) per week, as well as a
SE of 85% or more, and a mean TST between 6.5 and 8.5h per
night. On the Index of Severity of Insomnia (ISI; Morin, 1993),
GS had to report no sleep difﬁculty and no complaint of daytime
difﬁcultyrelatedtosleepandascorelessthan8.Duringlaboratory
nights,participantswhoobtainedanobjectiveSEof lessthan85%
on Nights 2 and 3 were discarded from the study.
Insomnia group
Insomnia participants had to report at least three nights per week
of sleep difﬁculty (i.e.,SOL or awakenings of more than 30min or
aTSTof lessthan6.5h)aswellasSEof lessthan85%in2weeksof
completed sleep diaries. Moreover, they had to report at least one
moderate negative daytime consequence attributed to the loss of
sleep and a score higher than 15 on the ISI. The difﬁculties lasted
more than 6months and were not secondary to another medical,
psychological, or sleep disorder or to medication.
Sub-classiﬁcation of insomnia: psychophysiological or paradoxical
After comparing Para-I classiﬁcations in recent studies, criteria
suggested by (Edinger et al., 2004) were operationalized. In order
to be classiﬁed as a Para-I participant, insomnia sufferers had to
show on two consecutive PSG recording nights:(a) a TST of more
than 380min or a SE of at least 80%,as well as (b) an overestima-
tion ≥60min of their SOL, an underestimation ≥60min of their
TST or ≥15% difference in their SE on the basis of PSG record-
ingsandlaboratorysleepdiaries.Theabovecriteriawerepreferred
over published minimal 390min TST and 85% SE (Edinger et al.,
2004) since several participants presented a TST between 380 and
390minandSEbetween80and85%,i.e.,nearthethresholds.The
Psy-I group included participants with (a) a TST under 380min
or a SE lower than 80%,as well as (b) an overestimation ≤60min
of their SOL, an underestimation ≤60min of their TST or ≤15%
difference in their SE on the basis of PSG recordings and labora-
tory sleep diaries. Fourteen PI participants were excluded because
of the presentation of important discrepancies between objective
and subjective sleep estimation (meeting criteria b) while objec-
tive sleep difﬁculties were also observed (not reaching criteria a).
Therefore they corresponded to neither insomnia sub-group.
Exclusion criteria
Participantswereexcludedif theysufferedfromanother:(a)AxisI
disorder(e.g.,depression,anxietydisorder);(b)insomniasubtype
(e.g., idiopathic insomnia); (c) sleep disorder such as sleep apnea
(apnea–hypopneaindex>15)orrestlesslegsyndrome(myoclonic
index with arousal >15); or (d) a medical disorder affecting sleep
or causing pain (such as diabetes,arthritis,restless leg syndrome).
In addition, the use of: (a) prescribed or over the counter sleep
aids (in the insomnia group, a 2-week withdrawal was necessary
before completing any questionnaire); (b) medication affecting
sleep (e.g., beta-bloquant, anxiolytics); or (c) alcohol to promote
sleep excluded the participant. Individuals undergoing psycho-
logical treatment as well as those who usually went to sleep later
than midnight or awoke before 5:00 am were also excluded since
the laboratory schedule could not accommodate these latter ones.
Furthermore, only right handed participants were selected in this
studyinordertoprovidehomogeneousproﬁlesofcerebralactivity
within groups.
RESEARCH PROTOCOL
Allparticipantswererecruitedthroughnewspaperadvertisements.
Following a telephone interview,eligible participants were mailed
questionnaires aimed at evaluating the presence of psychologi-
cal symptoms (BDI, Beck et al., 1988b; BAI, Beck et al., 1988a),
sleep (2-week of daily sleep diaries) as well as severity of sleep
disturbances (ISI). Upon receipt of questionnaires, prospective
participants were invited for a clinical interview at the research
center. Upon arrival, informed consent was obtained. The Struc-
tured Clinical Interview for DSM-IV (SCID-I; Williams et al.,
1992) and the insomnia diagnostic interview (IDI; Morin, 1993)
werethenadministered.Theseevaluationswereconductedrespec-
tively by a clinical psychologist and a sleep specialist. After the
clinical evaluation, included participants were further invited to
undergofourconsecutivenightsofPSGrecordingsatthesleeplab-
oratory. Each participant received an honorarium for his or her
participation in the study. Participants were instructed to arrive at
the sleep laboratory at around 8:00 pm each night for electrode
montage and preparation. Participants were asked to refrain from
alcohol, drugs, excessive caffeine, and nicotine before coming to
the laboratory. Participants were asked to stay in bed between 7
and 9h during PSG recordings for all nights. Bedtime was ﬁxed
between 21:00 and 00:00, and wake time was ﬁxed between 05:00
and 08:00. Their usual sleeping schedule was accommodated as
bestaspossible(±30min).Forallparticipants,lights-outwasini-
tiatedafterabio-calibration.Thecompleteprotocolwasapproved
by the Comité d’éthique de la recherche du Centre de recherche
Université Laval Robert-Giffard.
A standard PSG montage was used, including EEG (including
F3,F4,Fz,C3,C4,Cz,P3,P4,Pz,O1,and O2),electromyographic
(EMG; chin), and electro-oculographic (EOG; left and right:
supra-orbital ridge of one eye and the infra-orbital ridge of the
other)recordings.Electrodeswerereferredtolinkedmastoidswith
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a forehead ground and interelectrode impedance was maintained
below 5kΩ. In addition, respiration and tibialis EMG were mon-
itored during the ﬁrst night of PSG recording in order to rule
out sleep apnea and periodic limb movements. Participants diag-
nosed with another sleep disorder were excluded and referred to
an appropriate sleep specialist. A Grass Model 15A54 ampliﬁer
system (Astro-Med Inc., West Warwick, USA; gain 10000; band-
pass 0.3–100Hz) was used. While PSG signals were digitized at a
samplingrateof 512Hzusingcommercialsoftwareproduct(Har-
monie, Stellate System, Montreal, Canada). Sleep recordings were
scoredvisually(Luna,StellateSystem,Montreal,Canada)byquali-
ﬁed technicians according to standard criteria (Rechtschaffen and
Kales, 1968) using 20-s epochs and reliability checks were con-
ducted by an independent scorer to insure a minimum of 85%
inter-scorer agreement. Even if sleep scoring was done before the
publication of the most recent guidelines (Iber et al., 2007), we
chose to keep the original scoring since this one is more appropri-
ate when research uses quantitative analyses of the EEG or ﬁner
techniques of EEG analyses (e.g., event-related potentials; ERPs).
In addition of being the screening night for sleep disorders other
than insomnia, Night 1 constituted an adaptation night. ERPs
protocols(presentationof auditorysounds,tone-pips)wereintro-
duced before sleep and after the last awakening (end of the night)
of Night 3,repeated on Night 4 as well as being presented at sleep-
onset and all night on Night 4. Consequently, clinical sleep data
reported here were derived from Nights 2 and 3 only.
Power spectral analysis
Power spectral analysis was conducted at multiple EEG sites (F3,
F4,Fz,C3,C4,Cz,P3,P4,Pz)bycomputingfastFouriertransforms
(FFT). EMG artifacts were detected automatically and rejected
from the spectral analyses (Brunner et al.,1996). Further artifacts
were eliminated by visual detection. Manual selection of portions
of the nights for PSA included parts of each sleep stage (1–4
and REM) of each sleep cycle, excluding mini-arousals (0.1–7s),
micro-arousals (7.1–14.9s),and arousals (15s and longer),move-
ment time, movements, or artifacts, as well as the 5-min before
and after a stage shift. However, in a cycle, if no uninterrupted
period of a speciﬁc sleep stage longer than 10min was available
forselectioninacycle,aportionof thissleepstagewasstillselected
although excluding the ﬁrst and last 40s.
Powerspectralanalysiswascomputedonconsecutive4sepoch,
with a resolution of 0.25Hz, and EEG segment length of 20s.
Frequenciesweredeﬁnedasfollows:slowwaves(0–1Hz),delta(1–
4Hz), theta (4–7Hz), alpha (7–11Hz), sigma (11–14Hz), beta1
(14–20Hz), beta2 (20–35Hz), gamma (35–60Hz), and omega
(60–125Hz). Absolute power spectral values of REM and NREM
sleep were log transformed to normalize the distributions. Asym-
metry measures were computed at frontal, central, and parietal
sitesof thesecerebrallobesbysubtractingpowersinthelefthemi-
sphere from powers in the right one for each frequency band and
pairs of electrodes (Central: C3–C4; Frontal: F3–F4; and Parietal:
P3–P4).
QUESTIONNAIRES AND INTERVIEWS
Sleep diary
The SD (Morin, 1993) is a daily journal used to assess subjective
sleep quality. The various sleep–wake parameters derived for this
study were sleep-onset latency (SOL), referred to as the amount
of time from initial lights-out to sleep-onset (deﬁned as the ﬁrst
minute of consolidated stage 2 sleep); wake after sleep-onset
(WASO), deﬁned as the amount of time awake from sleep-onset
untilthelastawakening;earlymorningawakening(EMA),referred
to as the amount of time awake from the last awakening to arising
time; frequency of awakenings (FNA), deﬁned as total number of
awakenings during the night;total wake time (TWT),obtained by
summing SOL,WASO, and EMA; TST, referred to as the subtrac-
tion of TWT from the amount of time in bed (TIB); and ﬁnally,
SE,deﬁned as the ratio of TST divided by TIB,expressed as a per-
centage. The SD is usually completed upon arising each morning
for a 2-week baseline period in order to provide a stable index of
sleepcomplaints(LacksandMorin,1992).Inaddition,ourpartici-
pantscompletedtheSDeachmorninguponawakeninginthesleep
laboratory.Ameanwascalculatedforeachofthederivedvariables.
Insomnia severity index
The ISI (Morin, 1993) is a reliable and valid brief self-report
instrument that yields a quantitative index of perceived insom-
nia severity (Bastien et al., 2001). The ISI comprises seven items
targeting the severity of sleep disturbances, the satisfaction rel-
ative to sleep, the degree of impairment of daytime functioning
caused by the sleep disturbances, the noticeability of impairment
attributed to the sleep problem as well as the degree of distress
and concern related to the sleep problem. Each item is rated on a
ﬁve-point Likert scale and the total score ranges from 0 to 28. A
higher score reveals more severe insomnia. The ISI partly reﬂects
the diagnostic criteria outlined in the DSM-IV (APA, 2000).
Insomnia diagnosis interview (Morin, 1993)
The IDI is conducted in a semi-structured format and assesses
the presence of insomnia and potential contributing factors. It is
designed to identify (a) the nature of the complaint,(b) the sleep–
wake schedule, (c) insomnia severity, (d) daytime consequences,
(e) the natural history of insomnia,(f) environmental factors,(g)
medication use,(h) sleep hygiene factors,(i) the presence of other
sleepdisorders,(j)thepatient’smedicalhistoryandgeneralhealth
status,and(k)afunctionalanalysisforantecedents,consequences,
precipitating,and perpetuating factors.
Structured clinical interview for DSM-IV (Williams et al., 1992)
This structured interview is constructed to identify Axis 1 dis-
orders according to DSM-IV criteria. It consists in ﬁve modules:
moodepisodes,psychoticandassociatedsymptoms,psychoticdis-
orders,mooddisorders,substanceusedisorders,anxietydisorders,
somatoformdisorders,eatingdisorders,andadjustmentdisorders.
STATISTICAL ANALYSES
One-way ANOVAs and chi-square were computed to compare
groupsonsocio-demographic,psychological,andsleepcharacter-
istics. Then, mixed model ANOVAs, including four ﬁxed factors
[group,three levels (GS,Psy-I,and Para-I); night,two levels; sleep
cycle,sixlevels;andsleepstage,twolevels(REMandNREM)]and
one dependant variable (asymmetry) were performed for each
cerebral region (frontal,central,and parietal) and frequency band
individually. Signiﬁcance levels were set at 0.05. Because of the
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exploratory nature of the study, the considerably large number
of analyses, and consequently lower statistical power, applying a
conservative correction for type 1 error was not possible. How-
ever, interpretation of the results were limited to the hypotheses,
i.e., groups and nights effects and their interactions. As the main
hypothesesrefertodifferencesbetweengroups,Tukeyposthoc tests
were performed only on signiﬁcant main effects of group and ﬁrst
order interactions including this factor. A Bonferroni correction
was applied when needed.
RESULTS
Statistical analyses showed that GS, Psy-I, and Para-I were sim-
ilar according to gender, χ2(2, n=67)=1.31, p=0.52, and age,
F(2,64)=0.48,p=0.62.Asexpected,Psy-IandPara-I,compared
to GS, had higher scores on the severity index of the ISI, F(2,
61)=65.14,p<0.001,thishigherscorebeingindicativeof greater
severity of insomnia symptoms. Also, both groups of insomnia
sufferers expressed more depressive and anxious symptoms than
GS as reported on the BDI, F(2, 62)=8.40, p<0.01, and BAI,
F(2, 59)=8.69, p<0.001. Nonetheless, all participants remained
under the clinical threshold for psychiatric syndrome. Table 1
presents means and SDs for each of the above variables.
SUBJECTIVE SLEEP MEASURES
Table 2 shows mean objective and subjective sleep measures for
laboratory Nights 2 and 3. By a signiﬁcant group effect, F(2,
62)=15.45, p<0.001, and Tukey post hoc tests, analyses revealed
that GS, Psy-I, and Para-I reported different subjective SOL (all
ps≤0.05), with GS reporting the shortest and Para-I the longest.
GS reported shorter WASO, F(2, 61)=23.70, p<0.001, com-
pared with both groups of insomnia and Para-I reported longer
WASO than Psy-I (all ps≤0.01). Subjective TST was different
between all three groups, F(2, 62)=31.46, p<0.001, with GS
presenting the longest and Para-I the shortest (all ps≤0.03).
Again,all three groups were different as for the SE computed with
Table 1 | Means (SD) of socio-demographic data of good sleepers,
psychophysiological insomnia sufferers, and paradoxical insomnia
sufferers.
GS Psy-I Para-I
n =21 n =26 n =20
Gender
Female 12 14 14
Male 9 12 6
Age (years) 38.57 (9.35) 41.23 (9.65) 40.60 (9.29)
Education (years) 14.24 (2.86) 16.04 (4.13) 14.74 (2.15)
Insomnia duration (years) 11.77 (9.70) 10.67 (7 .01)
Questionnaires
ISI (severity index) 0.81 (1.12)a,b 6.15 (2.54) 7 .59 (1.84)
BDI 2.33 (3.35)a,b 7 .50 (5.61) 6.31 (3.16)
BAI 1.29 (1.35)a,b 7 .00 (5.68) 6.80 (6.85)
GS, good sleepers; Psy-I, psychological insomnia sufferers; Para-I, paradoxical
insomnia sufferers.
aSigniﬁcant difference with Para-I,
bsigniﬁcant difference with
Psy-I.
subjective measures of sleep, F(2, 62)=42.36, p<0.001: Para-I
had the lowest and GS the highest percentage of SE (all ps≤0.01).
No signiﬁcant night effects or Group×Night interaction were
found suggesting similar subjective estimates of sleep on Night 2
compared with Nigh 3 within groups.
OBJECTIVE SLEEP MEASURES
On objective measures (PSG), a signiﬁcant group effect, F(2,
64)=4.54, p=0.01, and post hoc indicated that Psy-I presented
signiﬁcantly longer SOL than GS (p =0.01). A signiﬁcant night
effect revealed that WASO was longer on Night 2 than Night
3, F(1, 64)=4.74, p=0.03, and a signiﬁcant group effect, F(2,
64)=131.12, p=0.001, showed that GS had shorter WASO than
Psy-I(p =0.01).TSTwaslongeronNight2thanNight3according
to the signiﬁcant Night effect, F(1, 64)=4.99, p=0.03. However,
all three groups were similar according to TST. As for SE mea-
sures, only a signiﬁcant group effect was found, F(2, 64)=11.82,
p<0.01, suggesting that Psy-I had lower SE compared with GS
(p ≤0.001).DifferencesinSEbetweenGSandPara-Iandbetween
Psy-IandPara-Ididnotreachsigniﬁcance(p =0.05andp =0.06,
respectively). As for the time spent in each sleep stage (minutes)
and its proportion (%), there were no differences between nights
or group as for stage 1, stage 3, and REM sleep. The time spent in
stage2waslongeronNight2thanNight3,asrevealedbyasigniﬁ-
cantnighteffect,F(1,64)=6.45,p=0.01.Signiﬁcantgroupeffects
indicated that the time, F(2, 64)=3.79, p=0.03, and proportion
of stage 4, F(2, 64)=3.66, p=0.03, differed between groups: GS
had less time and proportion of their nights spent in stage 4 com-
pared to Para-I (p <0.05). However, Psy-I also tended to present
less time and proportion of stage 4 compared to Para-I although
these results did not reach signiﬁcance (p =0.05 and p =0.07,
respectively).
ASYMMETRY MEASURES
The mean cerebral asymmetry of each group of participants for
each cerebral region and frequency band can be found in Table 3.
Table 4 provides asymmetry scores for Night 2 and 3 inde-
pendently. Positive asymmetry measures indicate higher activity
(power) in the right hemisphere than in the left one for the spec-
iﬁed frequency band; negative measures suggest higher activity in
theleftone.Ascoreofzerosuggestperfectsymmetry.Lowerasym-
metry scores reﬂect a more even distribution of the proportion of
thespeciﬁcfrequencybandwhereashigherasymmetryscoresrep-
resent a greater discrepancy between the two hemispheres. There-
fore,asymmetry scores reﬂect the degree of asymmetry,regardless
of the hemisphere of origin (i.e.,a decrease of power in one hemi-
sphere or an increase in the other). Results from mixed model
ANOVAs performed on asymmetry measures are presented in
Table 5. As the hypotheses referred to differences between groups
and nights,only main effects of group and night as well as signiﬁ-
cant interaction including these factors are presented. Signiﬁcant
differences between groups or nights in asymmetry must be inter-
preted with caution. As such, a descriptive explanation follows
each signiﬁcant result.
Frontal region
One group effect was marginally signiﬁcant (p =0.058) suggest-
ing that higher frontal asymmetry in the omega band is found in
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Table 2 | Means (SD) of laboratory objective and subjective sleep parameters of good sleepers, psychophysiological insomnia sufferers, and
paradoxical insomnia sufferers.
GS Psy-I Para-I
N2 N3 N2 N3 N2 N3
SUBJECTIVE MEASURES
SOL 12.00 (12.81)a,b 7 .85 (5.60)a,b 26.88 (26.75)a 26.92 (36.37)a 47 .58 (28.58)b 55.26 (41.38)b
WASO 27 .62 (57 .12)a,b 14.43 (16.00)a,b 64.36 (52.40)a 59.38 (57 .88)a 114.33 (48.27)b 146.25 (114.15)b
TST 430.38 (67 .06)a,b 435.38 (44.30)a,b 398.50 (72.36)a 384.31 (68.75)a 327 .61 (74.80)b 263.85 (113.06)b
SE (%) 91.51 (12.99)a,b 95.25 (3.84)a,b 81.56 (12.13)a 82.30 (12.77)a 67 .70 (13.09)b 58.39 (23.45)b
OBJECTIVE MEASURES
SOL 5.73 (4.21)b 4.95 (3.66)b 17 .91 (20.82) 16.15 (24.63) 9.65 (8.58) 8.52 (10.40)
WASO* 20.84 (17 .80)b 20.11 (19.53)b 52.28 (42.72) 47 .50 (37 .82) 49.73 (31.91) 28.08 (19.92)
TST* 428.10 (52.96) 400.57 (57 .45) 401.99 (58.87) 390.83 (53.18) 415.33 (23.98) 406.52 (31.82)
SE (%) 93.14 (4.41)b 93.33 (4.46)b 84.35 (10.36) 85.42 (8.59) 86.90 (6.16) 90.85 (4.80)
STAGE 1
Total time (min) 13.51 (9.40) 11.36 (8.99) 15.73 (9.96) 15.08 (11.19) 11.80 (7 .06) 20.92 (58.34)
Proportion (%) 3.24 (2.36) 2.93 (2.44) 4.00 (2.65) 3.74 (2.48) 2.84 (1.66) 1.96 (1.95)
STAGE 2
Total time (min)* 271.16 (39.78) 254.59 (38.79) 255.23 (51.71) 236.97 (43.82) 254.58 (40.57) 249.07 (37 .27)
Proportion (%) 63.33 (5.69) 63.77 (5.77) 63.25 (7 .70) 60.69 (7 .78) 61.20 (8.17) 61.32 (7 .96)
STAGE 3
Total time (min) 32.94 (19.66) 29.97 (21.98) 28.71 (19.17) 29.31 (21.13) 40.88 (25.63) 40.95 (26.89)
Proportion (%) 7 .48 (4.31) 7 .49 (5.28) 7 .20 (5.17) 7 .62 (5.34) 9.89 (6.10) 10.09 (6.58)
STAGE 4
Total time (min) 5.40 (5.93)a 4.71 (8.00)a 5.12 (9.21) 6.09 (9.71) 14.62 (20.01) 13.33 (16.91)
Proportion (%) 1.23 (1.35)a 1.10 (1.78)a 1.33 (2.63) 1.59 (2.44) 3.56 (4.87) 3.23 (4.04)
REM
Total time (min) 105.10 (23.70) 99.94 (27 .20) 97 .21 (26.98) 103.39 (25.39) 93.45 (21.55) 95.47 (20.45)
Proportion (%) 24.71 (4.71) 24.69 (4.66) 24.23 (6.13) 26.35 (5.13) 22.51 (5.03) 23.41 (4.16)
GS, good sleepers; Psy-I, psychological insomnia sufferers; Para-I, paradoxical insomnia sufferers; SOL, sleep-onset latency;WASO, wake after sleep-onset;TST, total
sleep time; SE, sleep efﬁciency.
aSigniﬁcant difference with Para-I,
bsigniﬁcant difference with Psy-I, ∗signiﬁcant difference between nights.
GS compared with Para-I, omega activity being predominant in
the right hemisphere of GS and left hemisphere of Para-I. At all
other frequency bands,the three groups had similar frontal asym-
metry over the course of the two nights, as can be depicted in
Figure 1. Signiﬁcant night effects were found in slow waves (0–
1Hz): higher asymmetry was measured on Night 2 than on Night
3 in all groups. On the other hand, higher asymmetry was found
on Night 3 than Night 2 for theta, alpha, beta1, beta2, omega,
and gamma activity. However, activity in frequency bands from
slow waves to gamma of both nights was higher in the right hemi-
sphere. Only gamma activity preponderance changed from left to
right regions from Night 2 to Night 3. No signiﬁcant interaction
includingtheGroupfactorcoulduncoverdifferencesbetweenGS,
Psy-I, and Para-I.
Central region
No signiﬁcant group effect was found for any of the frequency
bands (see Figure 2). Signiﬁcant night effects in the delta band
showed higher asymmetry on Night 3 than Night 2 whereas the
opposite result was found in the theta and beta1 frequency bands.
Still,in all frequency bands,powers were higher in the right hemi-
sphere. In the delta band, a Group×Night signiﬁcant interaction
was observed: higher asymmetry was found on Night 2 in Psy-I
than Para-I (p =0.04). Psy-I presented more delta activity in their
righthemispherewhereasPara-Ipresentedmoreintheirlefthemi-
sphere.Inthebeta2band,higherasymmetrywasfoundinGSthan
Para-I (p =0.04) on Night 3 even if both groups presented more
beta2 activity in their right hemisphere.
Parietal region
Figure 3 presents asymmetry scores of GS, Psy-I, and Para-I as
measured in the parietal region and in various frequency bands.
Signiﬁcantgroupeffectsinthebeta1andbeta2bandsshowedthat
Psy-I had higher asymmetry than Para-I (p =0.04 and p =0.02,
respectively), still both groups presented higher beta activity in
the right hemisphere. In the slow wave band, higher asymme-
try was found on Night 3 than on Night 2, and conversely,
higher asymmetry on Night 2 than on Night 3 was found in the
omega band as indicated by signiﬁcant effects of night. Signiﬁ-
cant Group×Night interactions in frequency bands from delta to
beta1 indicated that, on Night 2, higher asymmetry was found in
Psy-I than GS (all ps≤0.03), both groups presenting higher right
sided activity. Moreover, on Night 2, from delta to beta2 bands,
higher asymmetry was found in Psy-I than Para-I (all ps≤0.04),
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Table 3 | Mean frontal, central, and parietal asymmetry of good sleepers, psychophysiological, and paradoxical insomnia sufferers in NREM and
REM for each frequency band.
Frontal Central Parietal
GS Psy-I Para-I GS Psy-I Para-I GS Psy-I Para-I
NREM SLEEP
0–1Hz 0.06 0.08 0.07 0.07 0.11 0.10 0.06 0.05 0.06
1–4Hz 0.07 0.05 0.06 0.07 0.09 0.08 0.07 0.12 0.06
4–7Hz 0.10 0.11 0.10 0.10 0.12 0.12 0.10 0.16 0.08
7–11Hz 0.11 0.11 0.10 0.12 0.14 0.13 0.11 0.15 0.09
11–14Hz 0.09 0.09 0.08 0.09 0.10 0.09 0.09 0.12 0.07
14–20Hz 0.10 0.10 0.08 0.09 0.10 0.10 0.07 0.11 0.06
20–35Hz 0.11 0.10 0.08 0.15 0.12 0.10 0.13 0.13 0.09
35–60Hz 0.08 0.06 0.06 0.12 0.10 0.08 0.10 0.09 0.07
60–125Hz 0.02 −0.02 −0.03 0.06 0.08 0.04 0.08 0.07 0.06
REM SLEEP
0–1Hz 0.22 0.27 0.22 0.24 0.32 0.26 0.12 0.08 0.09
1–4Hz 0.10 0.12 0.11 0.08 0.13 0.11 0.07 0.11 0.07
4–7Hz 0.07 0.08 0.07 0.05 0.09 0.09 0.07 0.12 0.07
7–11Hz 0.08 0.09 0.08 0.09 0.13 0.13 0.10 0.15 0.08
11–14Hz 0.09 0.10 0.10 0.12 0.15 0.14 0.11 0.16 0.08
14–20Hz 0.09 0.10 0.08 0.12 0.14 0.13 0.12 0.14 0.09
20–35Hz 0.09 0.10 0.08 0.13 0.11 0.12 0.12 0.13 0.08
35–60Hz 0.09 0.09 0.07 0.12 0.14 0.10 0.11 0.13 a 0.08
60–125Hz 0.02 0.00 −0.02 0.05 0.11 0.05 0.09 0.09 0.08
GS, good sleepers; Psy-I, psychological insomnia sufferers; Para-I, paradoxical insomnia sufferers.
aSigniﬁcant difference with Para-I,
bsigniﬁcant difference with Psy-I.
Table 4 |Asymmetry scores of Nights 2 and 3 in frontal, central, and
parietal regions.
Frontal Central Parietal
N2 N3 N2 N3 N2 N3
0–1Hz 0.16* 0.14 0.14 0.15 0.06 0.10
1–4Hz 0.08 0.08 0.05* 0.11 0.09* 0.08
4–7Hz 0.08* 0.09 0.12* 0.10 0.10 0.10
7–11Hz 0.09* 0.10 0.13 0.13 0.12 0.11
11–14Hz 0.09 0.10 0.13 0.12 0.11 0.10
14–20Hz 0.10* 0.10 0.13* 0.11 0.10 0.10
20–35Hz 0.09* 0.10 0.13 0.13 0.11 0.11
35–60Hz 0.07* 0.08 0.13 0.13 0.10 0.10
60–125Hz −0.02* 0.01 0.07 0.09 0.08* 0.07
N2, Night 2; N3, Night 3. *Signiﬁcant difference between nights.
bothgroupsof insomniaindividualsshowingincreasedactivityin
the right hemisphere compared with the left one. In the gamma
band only, higher asymmetry was found on Night 3 in GS com-
pared with Para-I (p =0.03) suggesting higher gamma activity
in GS’s right hemisphere than Para-I. Finally, a Group×Stage
interaction reached signiﬁcance in the gamma band revealing
higher asymmetry in Psy-I than Para-I in REM (p =0.01), again
the right hemisphere presented higher gamma activity than the
left one in both groups of insomnia individuals (0.13 and 0.08,
respectively).
ASSOCIATION OF ASYMMETRY AND DEPRESSIVE AND ANXIOUS
SYMPTOMS
Pearson’s correlations were performed on asymmetry measures
that differed between groups and showed stability over the course
of the two nights, and scores on the BDI and BAI. In the
frontal region, the asymmetry of the gamma activity differed
between GS and Para-I. With all participants pooled together,
correlations with gamma asymmetry, and BDI scores were non-
signiﬁcant (r =−0.06, p =0.63) suggesting no relation between
those two variables. Results for GS alone were similar (r =0.29,
p =0.20), as were those of Psy-I (r =−0.12, p =0.58), and Para-
I( r =0.01, p =0.96). Correlation of frontal gamma asymmetry
and BAI scores were also non-signiﬁcant considering the entire
sample (r =−0.21, p =0.10), GS alone (r =0.05, p =0.83), Psy-I
(r =−0.34, p =0.10), or Para-I (r =0.29, p =0.31). As for beta1
parietal asymmetry, its relation with BDI scores was marginally
signiﬁcant (r =0.23, p =0.07) when all participants were pooled
together. Analyses performed on groups separately did not reach
signiﬁcance (GS, r =0.31, p =0.17; Psy-I, r =0.28, p =0.19, and
Para-I, r =0.40, p =0.12). Beta2 and BDI scores did not relate
neither; all results were non-signiﬁcant. Neither beta1 nor beta2
parietal asymmetry correlated signiﬁcantly with BAI scores.
DISCUSSION
In this study, GSs and insomnia sufferers, categorized in psy-
chophysiologicalorparadoxicalsubtypes,werecomparedonmea-
suresof cerebralasymmetrytospecifytheregionalrelativeactivity
in insomnia at frontal, central, and parietal sites. This approach
www.frontiersin.org March 2012 | Volume 3 | Article 47 | 7St-Jean et al. Asymmetry and insomnia
Table 5 | Results of the mixed modelANOVAs performed on frontal,
central, and parietal asymmetry measures.
Frontal Central Parietal
Fp F p Fp
SLOWWAVES
Group ns ns ns
Night 6.7 0.01 ns 11.26 0.001
Stage 327 .1 <0.001 259.56 <0.001 14.75 <0.001
G×N ns ns 3.63 0.03
G×Cn s n s n s
G×Sn s n s n s
DELTA
Group ns ns
Night ns 20.5 <0.001 ns
Stage 199.3 <0.001 7 .78 <0.001 ns
G×N ns 10.75 <0.001 15.78 <0.001
G×Cn s n s n s
G×S 9.43 <0.001 ns ns
THETA
Group ns ns ns
Night 4.04 0.04 4.69 0.03 ns
Stage 176.9 <0.001 36.08 <0.001 30.77 <0.001
G×N ns 10.67 <0.001 27 .73 <0.001
G×C 2.76 0.01 ns ns
G×Sn s n s n s
ALPHA
Group ns ns
Night 8.69 <0.01 ns ns
Stage 71.1 <0.001 3.94 <0.05 ns
G×N ns 4.62 0.01 19.01 <0.001
G×Cn s n s n s
G×Sn s n s n s
SIGMA
Group ns ns 2.84 ns
Night Ns ns ns
Stage 18.15 <0.001 66.32 <0.001 43.02 <0.001
G×N ns 6.97 0.001 14.32 <0.001
G×C 2.5 0.02 ns ns
G×Sn s n s n s
BETA1
Group ns ns 3.31 0.04
Night 7 .27 <0.01 4.09 0.04 ns
Stage 5.53 0.02 14.21 <0.001 59.03 <0.001
G×N ns 7 .73 <0.001 16.52 <0.001
G×Cn s n s n s
G×Sn s n s n s
BETA2
Group ns ns 4.2 0.02
Night 6.29 0.01 ns ns
Stage ns 7 .61 <0.01 ns
G×N ns 7 .14 0.001 18.81 <0.001
G×Cn s n s n s
G×Sn s n s n s
(Continued)
GAMMA
Group ns ns
Night 8.08 <0.01 ns ns
Stage 30.08 <0.001 9.5 <0.01 32.9 <0.001
G×N ns 15.26 <0.001 9.35 <0.001
G×Cn s n s n s
G×S 4.99 <0.01 ns 7 .09 0.001
OMEGA
Group 2.98 ns ns ns
Night 21.35 <0.001 ns 5.66 0.02
Stage 4.04 0.04 ns 13.96 <0.001
G×N ns 13.45 <0.001 3.75 0.02
G×Cn s n s n s
G×Sn s n s n s
G×N, group×night interaction; G×C, group×cycle interaction; G×S,
group×stage interaction; ns, non-signiﬁcant.
waschosentolocatepossibleactivationabnormalitiesininsomnia
subtypesandrelatethemtootherpsychopathologiesdocumented
in the literature. In addition,the assessment of asymmetry on two
nights was performed to document its night to night stability.
As for the differences between groups, asymmetry measured
at the frontal region suggested a trend, over the course of the
two nights, for Para-I to present higher gamma activity in their
left hemisphere whereas GS would present more gamma activ-
ity in their right hemisphere. Therefore, Para-I showed signs of
increased activity in their left frontal region compared with GS.
Gamma activity has been linked to attention (Fries et al., 2001)
andmemory(encodingandretrieving;MontgomeryandBuzsáki,
2007),whicharewakingfunctions.InERPstudies,anearlygamma
response to stimuli is generated in REM and NREM sleep and
is thought to be sensory/perceptual processing (Karaka¸ s et al.,
2006). Gamma activity in Para-I is then localized in the opposite
hemisphere compared with GS. It is possible that gamma activ-
ity, as observed in the present study, does reﬂect activation linked
to the misperception of sleep as Para-I, by deﬁnition, do show
important discrepancies between subjective estimates and objec-
tive sleep data. Other reports of frontal cerebral asymmetry have
linked higher activity of the right hemisphere compared with the
left to depressive symptoms and/or depression (Henriques and
Davidson, 1990, 1991; Gotlib et al., 1998). Therefore, our Para-
I group did not present the frontal cerebral activation pattern of
depressionordepressivesymptomsreportedintheliterature,even
if their score was higher than GS’s on the BDI.
On parietal sites,Psy-I presented more beta1 and beta2 activity
in their right hemisphere than Para-I over the course of the two
nights. Beta activity is also representative of sensory and infor-
mation processing, attention, and memory (Perlis et al., 2001b).
Consequently, Psy-I showed increased activity in their right pari-
etal region compared with Para-I. Again, parietal asymmetries
have been linked to the presence of depressive as well as anxious
symptoms. While some authors have demonstrated an increased
activation in the left parietal region in a sample of depressed
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FIGURE 1 |Asymmetry scores of good sleepers, psychophysiological, and paradoxical insomnia sufferers at the frontal region in various frequency
bands.
FIGURE 2 |Asymmetry scores of good sleepers, psychophysiological, and paradoxical insomnia sufferers at the central region in various frequency
bands.
individuals(HenriquesandDavidson,1990),othershaveobserved
anincreaseintheactivationof therighthemispherewhendepres-
sive and anxious disorders coexist (Bruder et al., 1997; Metzger
et al., 2004). None of our insomnia groups differed from GS on
parietal asymmetry over the course of the whole two nights of
recording. We may then suppose that their asymmetry measures
arewithinwhatisexpectedinanormativesample.Thehigheracti-
vationof therightparietalregioninPsy-Imightbeacharacteristic
of that speciﬁc insomnia subtype more than a sign of depressive
combined with anxious symptoms since Psy-I and Para-I were
equivalent on BDI and BAI scores.
In fact, one of the most surprising result of the present study
resides in the fact that asymmetry found in insomnia is indepen-
dent of depressive or anxious symptoms. As such, no correlation
was found between BDI or BAI scores and asymmetry measures.
JacobsandSnyder’s(1996)reportedanegativecorrelationbetween
frontal asymmetry and BDI scores during wake and Armitage
et al.’s (1993) work demonstrated that asymmetry during wake
persisted during sleep. Considering these previous studies, it was
expectedtoﬁndrelationsbetweendepressivesymptomsandasym-
metry in sleep. It might then be that this association is not
perceptible in sleep or else, maybe the range of scores on depres-
sion and anxiety inventories was too narrow to observe signiﬁcant
correlations.
Inaddition,thisstudy,byconsideringtwonightsof recordings,
was able to show a variation in cerebral activity between nights
in all groups. Asymmetry scores have been considered as stable
duringwake;asymmetryinsleepmightnotbe.Asmentionedear-
lier, our group (St-Jean et al., in preparation) has observed that
all subjective measures of sleep (SOL, WASO, TST, and SE) did
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FIGURE 3 |Asymmetry scores of good sleepers, psychophysiological, and paradoxical insomnia sufferers at the parietal region in various frequency
bands.
not differ from Night 2 to Night 3 in GS, Psy-I, and Para-I. How-
ever, by its longer objective WASO and total time of stage 2 sleep,
Night 2 sleep appeared less consolidated in all three groups. Con-
sequently, Night 3 was considered a better night of sleep than the
secondone.Therefore,itispossiblethatamoredisruptednightof
sleep is characterized by increased slow wave frontal asymmetry,
increased asymmetry in the theta to the beta1 bands in the central
region,andincreasedomegaasymmetryintheparietalsites,aswas
observed on Night 2 compared with Night 3. This would translate
in lower right frontal activation as well as higher right central and
parietal activation on a poorer night of sleep. On the opposite, an
objectively better night of sleep such as Night 3 would increase
asymmetry in the theta to the omega bands at frontal sites, in the
delta band at central sites, and slow wave activity in the parietal
region.Therefore,abetternightofsleepwouldbecharacterizedby
increasedactivationintherightfrontalregionaswellasleftcentral
and parietal region. Thus quality of sleep does have an impact on
cerebral activation, and as such, on cerebral asymmetry.
Following the same line of argument, differences between
groups speciﬁc to Night 2 or 3 could be interpreted in light of
the objective sleep quality. Night 2, being more disrupted, would
affectinsomniasubtypesdifferently.Centraldeltaactivitywaspre-
dominant in the right hemisphere of Psy-I and left hemisphere of
Para-I. In the parietal region,on Night 2,activity in the frequency
bands from delta to beta1 were increased in Psy-I compared with
GS and activity from the delta to the beta2 band were increased in
Psy-I compared with Para-I. Consequently, on a disrupted night
of sleep, Psy-I showed some hypoactivation in their right cen-
tral region and increased activation in their right parietal region
whereas Para-I and GS were similar in terms of asymmetry. On
Night 3, considered a better night of sleep, GS presented more
beta2 activity in the central region of their right hemisphere and
more gamma activity in their right parietal region than Para-I.
Therefore, on a better night of sleep, the right central region of
Para-I is relatively hypoactivated compared with the one of GS.
Since objective sleep quality appears to affect differently GS and
bothgroupsof insomniaindividualsintheircerebralactivitydur-
ing sleep, it now suggests that sleep quality must be assessed in
EEG-based studies in order to interpret adequately differences
between groups.
Since signs of sleep deprivation during wake in insomnia suf-
ferers have been observed by means ﬂuorodeoxyglucose positron
emission tomography (Nofzinger et al., 2004), we might ask if
the observed asymmetry in insomnia is a consequence of sleep
deprivation. Ferrara et al. (2002) have reported that deprivation
of slow wave sleep increased activity in the left central region of
GSs. Our results are difﬁcult to reconcile with these observations.
First,noneof ourgroupshasshownasigniﬁcantdifferenceinslow
wave sleep between nights and, second, a more disrupted night,
which was following an adaptation night, was associated with a
higher activation in the right central region in Psy-I, the opposite
of what was found in Ferrara and colleagues deprivation’s study.
However, it suggests that slow wave sleep deprivation and poor
nights of sleep do not produce similar repercussions on cerebral
asymmetry during sleep,in particular,in the central region.
Limitations of this study ﬁrstly concern cerebral asymmetry: it
is a measure obtained by computing differences between powers
observed at two sites and therefore represents a relative increase
in power on one side compared to the other. As such, comparing
these differences between groups or nights has limited interpreta-
tion. The choice of using EEG as the measure of cortical activity
has a superior temporal resolution although a less accurate spa-
tialresolutioncomparedwithothermeasuresinneuroimaging.At
the statistical level, successive analyses were necessary to tests our
hypotheses leading to higher risks of reporting signiﬁcant results
when they are not. As well, the high number of factors included
in the analyses made the interpretation of second order interac-
tions difﬁcult. Moreover, differences between groups attributable
to sleep quality variation are descriptive,not statistical,since sleep
quality could not be entered in the statistical model as it would
have considerably made more complex the interpretation of the
results. In addition, the analyses performed could not assess the
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impact of the sleep quality of one night on the following one,
such as the effect of the adaptation night on Night 2. Also, due to
the number of participants, correlational analyses should be con-
sidered with caution. Finally, only epochs of consolidated sleep
stages were selected for the computation of PSA. Consequently,
wecannotpretendthattheresultsalsoextendtostagestransitions
which might present different activation patterns which were not
investigated.
CONCLUSION
Two novel ﬁndings emerged from this study. It was shown that
psychophysiologicalandparadoxicalsubtypesofinsomniapresent
different and unique patterns of cortical activation. Para-I tend to
present hypoactivation of their left frontal region but hyperacti-
vation of their right one. As for Psy-I, they present increased acti-
vation of their right parietal region compared with Para-I. Those
particular patterns of cortical activation did not relate to patterns
of asymmetry found in depression and anxiety and did not corre-
late with scores at the BDI and BAI. As such, psychophysiological
and paradoxical insomnia disorders do not share similarities with
depression and anxiety’s cortical activity topography and, thus,
are less likely to contribute to each other’s pattern. However,these
results are important for the choice of recording sites in future
researchoncorticalactivationmaytheyapplyPSA,cerebralasym-
metry, fractal domain, ERPs, or another EEG recording method.
In addition, it was observed that asymmetry ﬂuctuates between
nights, which is thought to be related to objective sleep quality.
On a more disrupted night of sleep, Psy-I have increased activity
in their right parietal region and, on a less disrupted one, Para-I
presentadecreaseof activityintherightcentralregion.Additional
research is needed to conﬁrm the association of sleep quality and
cerebralasymmetry.Theclassiﬁcationof recordingnightsasgood
or bad ones independently of their order in time, such as Devoto
etal.(2005)haveappliedinanERPsstudyininsomnia,couldalso
be useful to ascertain the relation between sleep quality and acti-
vation at precise cortical sites. Besides, in the sub-classiﬁcation of
insomniaparticipants,aconsiderablenumberof individuals,23%
of the sample, were excluded from this study as they presented
characteristics of both Psy-I and Para-I: they showed objective
sleep difﬁculties as well as an overestimation of those. Therefore,
information on this unexpected proﬁle of insomnia has not been
analyzed and needs additional attention as to whether they are an
extentof oneof theotherinsomniasub-groupsoranindependent
one. Furthermore, the degree of asymmetry could be studied in
relationtothedegreeofthesleepmisperceptionfoundinachronic
insomnia group. Future research could also evaluate asymmetry
in insomnia considering age and gender since PSA measures are
affected by those factors (Buysse et al., 2008). Additionally, eval-
uating asymmetry in individuals with multiple risk factors for
insomnia and remitted patients could specify if asymmetry is a
marker of the diagnosis or a predictor of vulnerability to insom-
nia.Also,sincesomestudiesontheeffectsofnon-pharmacological
treatmentforinsomniahaveshowneitherreductionof hyperacti-
vation during sleep (Cervena et al., 2004) or normalization of the
hypoactivationduringﬂuencytasks(Altenaetal.,2008),wemight
ask if cognitive behavior therapy for insomnia would also nor-
malize cerebral asymmetry particularities observed in insomnia
sufferers.
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